Studies were undertaken to prove that simian virus 40 (SV40) can transform the mouse macrophage, a cell type naturally restricted from deoxyribonucleic acid (DNA) replication. Balb/C macrophages infected with SV40 demonstrated T-antigen production and induced DNA synthesis simultaneously. In the absence of apparent division, these cells remained T antigen-positive for at least 45 days. SV40 could be rescued from nondividing, unaltered macrophages during the T antigen-producing period. Proliferating transformants appeared at an average of 66 days post-SV40 infection. Established cell lines were T antigen-positive and were negative for infectious virus, but yielded SV40 after fusion with African green monkey kidney cells. Their identity as transformed macrophages was substantiated by evaluation of cellular morphology, phagocytosis, acid phosphatase, 03c synthesis, and aminoacridine incorporation.
Transformation by oncogenic deoxyribonucleic acid (DNA) viruses in vitro has been primarily studied in cell types which have an unlimited capacity for growth. Morphologically, these cells are either fibroblastic or epitheloid and generally do not possess differentiated functions. In this case, a new protein known as tumor (T) antigen appears in the cell nucleus shortly after infection (3) . Then, after 10 to 14 days, a fraction of this infected population emerges as recognizable phenotypic transformants. It is not known whether oncogenic viruses can effect these same events in differentiated cells which, despite the capacity for division, remain arrested in the postmitotic state. The peritoneal macrophage, naturally representative of this restriction, would be a useful model for evaluation of this possibility. Derived from progenitors which have undergone mitosis, it maintains ribonucleic acid (RNA) and protein synthesis (9, 18, 25) without entering the S period of DNA replication (4, 25) . After polyoma infection, mouse peritoneal macrophages have been previously noted to undergo DNA and T-antigen synthesis (14) . The myocyte another differentiated nondividing cell type, has also been reported to undergo DNA and T-antigen synthesis after either simian virus 40 (SV40) or polyoma infection (6) .
Observations in our laboratory have indicated significant and persistent T-antigen production in the macrophage after exposure to SV40. This paper further documents the capacity of SV40 to induce morphological transformation of the G1 Tissue culture. Peritoneal macrophages were harvested from 6-week male Balb/c mice as described elsewhere (22) , but without previous stimulation to insure homogeneity and function, and to prevent the induction of nonspecific DNA synthesis (7, 24) . These cells were plated at a density of 2.5 X 105 in Eagle's medium containing 10% fetal bovine serum and antibiotics onto 60-mm plastic petri dishes (Falcon Plastics). Cultures for fluorescent-antibody (FA) and characterization studies were seeded at the same density onto glass cover slips (10 by 20 mm). One hour after plating, the medium was changed to remove unattached cells. At 48 and 72 hr, the cultures were treated with 1 ml of 0.25% trypsin. Since normal macrophages resist the effects of trypsin at this concentration, this procedure aided removal of other cell types. Phase microscopic examination of these cultures after 7 days of incubation at 37 C in an atmosphere of 5% CO2 and air revealed the distinct morphology of normal macrophages. Those cultures which were noted to have contaminating or questionable cell types were omitted from further experiments.
Virus Strains. The small-plaque mutant of SV40 (SV-S) rescued from transformed cells by co-cultivation with African green monkey kidney cells (AGMK; 20) Fig. 1 .
After these events, the infected cells entered a period of quiescence during which neither proliferation nor changes in morphology or function were apparent. During this interval, which averaged 54 days in length, trypsinization failed to yield any trypsin-sensitive cell population. All uninfected macrophages had degenerated by this time. Between 60 and 72 days after infection, foci of rapidly dividing cells appeared ( Fig. 2a and 2b) . Unlike normal macrophages, these cells could be removed with trypsin. Unlike other SV40 transformants, considerable pleomorphism was evident. Eight clonal lines were established and all were positive for T antigen (Fig. 3A) . These (16) . Since SV40-infected macrophages were intensely T antigen-positive for at least 45 days without evident morphological alteration, attempts were made to rescue SV40 from these cells. SV-T antigen-producing (SV-T +) macrophages were maintained in SV40 antiserum for 20 days beginning 3 days after infection. As these cells could not be trypsinized, the fusion procedure was modified in the following manner. Uv-SeV (4,000 HA units) was directly added to the cultures and maintained at 4 C for 15 min. Permissive cells (AGMK) in a ratio of 10:1 were then added to this mixture. These cultures were kept at 4 C for another 15 min and thereafter were incubated at 37 C. The medium was changed after the monkey kidney cells had settled (30 to 60 min), thus removing the excess UV-SeV inoculum. After 24 hr, the plates were washed three times in PBS, and fresh medium was again added. After 20 days, these cultures were frozen and thawed twice, and the clarified supernatant fluids were assayed for SV40 in primary AGMK cells. Subsequently, 3 .5 x 103 PFU of virus per ml was recovered.
Other T antigen-producing macrophages, similarly maintained in antiserum and disrupted by freeze-thawing, were tested for residual SV40 by inoculation of primary AGMK cells. No virus was detected after 26 days of culture followed by a second passage in fresh AGMK cells. Controls of normal macrophages, uninfected AGMK, and UV-SeV-infected AGMK were all negative for SV40.
Recovery of infectious virus from morphologically transformed macrophages. SV40 was rescued from three of the clonal lines by the fusion technique. The average titer of virus recovered was 105 PFU/ml. Infectious virus was not isolated from freeze-thawed preparations of transformed macrophage cultures.
Characterization of transformants. Evaluation of the SV40 transformants was based upon the known properties of normal macrophages. Phagocytosis. Uptake of colloidal carbon from medium was noted in the transformants and was equivalent to the activity of normal macrophages (Fig. 3b) . Medium clearance required approximately 24 (Fig. 3c) . Large storage granules were distributed throughout the cytoplasm of the transformants. Few areas of incorporation were present in control cells (SV-Balb/C 3T3 and 20 Balb/C fibroblasts), none of which approached the staining levels observed in both normal and transformed macrophages. Vital incorporation of dilute euchrysene (1:1,000,000 In two experiments, transformants emerged only from mature cells which approached the estimated 60-day life span of the normal macrophage (5, 12) . The presence of viral genome alone was obviously not sufficient to initiate conversion. In the macrophage, those mechanisms which maintain the differentiated GI state may be responsible for repressing phenotypic transformants. Age-associated decay of these controls possibly contributed to the eventual appearance of SV40-altered cells. Infection of previously "aged" macrophages should then be expected to yield transformants at an earlier time.
The significance of induced cellular DNA synthesis (8, 11, 14) by SV40 or polyoma and the function of T antigen in productive or abortive infections by these viruses is not understood at the present time. The finding that both DNA replication and T-antigen production occur synchronously in the Balb/C macrophage may be fortuitous. Nevertheless, the results of Vogt et al. (23) and Basilico et al. (2) indicate that, in the case of polyoma, the virus is directly involved in the induction of DNA replication since it occurs in the same cells which are synthesizing virus. Similar observations have been made with SV40 (13) .
Todaro and Green have reported that "fixation" of transformation requires one cell generation since they did not observe SV40 conversion of nondividing, contact-inhibited mouse 3T3 cells (21). They also indicated that virus-induced DNA synthesis did not occur under these circumstances (21). However, Henry et al. (11) demonstrated host DNA replication in the same system after a high multiplicity of SV40. We have noted that transformation does occur in these contactinhibited mouse embryo fibroblasts under similar conditions of infection (unpublished data). The SV40-macrophage interaction conclusively proves that transformation can be induced by this agent irrespective of the host cell's preinfection interphase state. Furthermore, this implies that the period of virus-induced DNA synthesis represents initial events which result in eventual transformation. Disregarding modifying host factors, one may postulate that transformation can potentially occur in any cell type as long as DNA replication is induced by the infecting oncogenic virus. Although not proven, it is possible that induced DNA synthesis reflects the period of viral genome integration. Further studies are necessary to establish this hypothesis.
